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COMPARATIVE  RADIOSENSITIVITY  OF  PATHOGENIC  BACTE3IA  A5U  VIRUSES 

by 

R.  Ghys,  3.  Vendergoten,  J.  -C  Paquette,  V.  Fredette, 

C.  Plante,  V.  Pavilanis  and  J.  -C.  GilJcer 
Institute  of  Microbiology  and  Hygiene  of  the 
University  of  Montreal,  Laval,  Province  of  Quebec,  Canada 


INTRODUCTION 

The  radiosterilization  of  medical  tools  as  it  is  currently 
being  practiced  has  a3  its  Drincipal  advantage  over  autoclaving  the 
fact  that  it  can  be  done  without  raising  the  temperature  or  even  at 
low  temperature,  and  over  chemical  sterilization  methods  the  fact  that 
it  allow  the  material  to  be  placed  in  a  hermetically  sealed  container 
prior  to  sterilization.  It  is  also  possible,  in  using  high-energy 

radiations  (at  least  1  MeV  for  monochromatic  radiations  such 
as  those  of  gamma-emitting  radioactive  elements,  at  least  3  MV  of 
peak  tension  for  linear  accelerators )  to  insure  one  dose  of  a  fairly 
uniform  depth,  without  localized  overdosage,  even  for  fairly  large 
objects.  •  . 


Nevertheless,  inactivation  of  microbe  colonies  by  ionizing 
radiations  is  never  an  all-or-nothing  operation.  The  sterilizing  dose 
always  depends  on  the  amount  of  microorganisms  present  at  the  outset 
and  on  the  angle  of  their  inactivation  curve.  If  it  is  decided  to  use 
a  single  dose  high  enough  to  destroy  all  the  microorganisms,  one  risks 
radiochemical  changes  which,  for  some  biological  products,  greatly  offset 
the  advantages  of  the  method.  Some  have  also  determined  a  "D  value" 
for  the  principal  microorganisms,  that  is,  the  dose  necessary  for 
reduction  of  the  number  of  live  microbes  (DL  90 Vl/:  if  or.e  unders 
the  nature  and  the  extent  of  the  contamination,  one  should  be  able 
to  apply  a  dose  wnich  is  sufficient  to  destroy  that  organism,  reducing 
to  a  minimum  the  risk  of  alteration  of  the  irradiated  products!  tr.is 
presupposes  that  the  curve  of  microorganism  inactivation  is  exponential 
along  its  entire  length,  whatever  its  initial  concentration  something 
that  has  rarely  been  established. 
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In  the  hope  of  better  understanding  the  influence  of  these 
different  factors  on  radiosterilization  possibilities,  ye  have  de' 
mined  the  inactivation  curve  for  gamma  radiation  of  three  importer 
pathogenic  organises:  an  aerobic  bacterium,  the  tuberculosis  bacil 
an  anaerobe,  the  agent  of  gaseous  gangrene;  and  a  virus,  the  infl-. 
ryirus.  We  have  also  studied  in  the  case  of  Mycobacterium  tubercul 
and  of  Clostridium  terfringer.s ,  the  influence  of  sicrobic  concent 
and  length  of  incubation  on  the  results;  in  the  case  of  the  virus 
(we  have  also  studied)  the  influence  of  the  radiation  temperature 
In  short,  ye  have  determined  the  inactivation  curve  of  Pseudomor.a 
a  frequent  contaminant  of  viral  influenza  cultures. 


~S’d>n 
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MATERIALS  AND  METHODS 


Bacterial  and  viral  cultures 

B.  C.  G.  (Bacillus  of  Calmette  and  Guerin)  is  a  variety  of  M. 
Tuberculosis ,  which  is  not  pathogenic  for  man  and  thus  can  be  handled 
with  a  minimum  of  precautions;  its  biology  and  its  methabolisa  "ir. 
vitro"  are,  however,  practically  the  same  as  those  of. virulent, strains 
and,  in  our  opinion,  its  radiobiological  behavior  can  be  considered 
representative  of  the  species.  Strain  568-S  1,  from  the  Pasteur  In¬ 
stitute  in  Paris,  has  been  maintained  at  the  Institute  of  Microbiology 
and  Hygiene  of  the  University  of  Montreal  since  1938,  on  glycerised 
potato  /2 /.  After  two  passages,  lU  days  apart,  through  a  Sautor.  media: 
the  microbe  was  grown,  for  the  purpose  of  radiation,  in  a  synthetic 
liquid  medium  derived  from  the  Sauton  medium,  prepared  by  one  of  us 
(R.G.)  / 3/ • 


We  have  been  able  to  establish,  during  the  first  stage  of  these 
experiments,  that  the  radiosen3itivity  of  the  bacillus  vas  practically 
the  same  if  the  radiation  preceded  or  immediately  followed  its  trans¬ 
planting  onto  a  cool  medium.  The  culture  is  formed  at  39  +  1°  C. 

After  incubation  from  7  to  28  days  the  microbes  of  each  culture  dish 
are  separated  by  filtration  through  No  2  Whatman  paper,  washed  with  list 
water,  air-dried  at  65°  for  three  days  and  weighed.  It  has  beer, 
demonstrated  that  the  dry  weight  thus  obtained  is  an  excellent  criterion 
much  less  subjective  than  the  bacillary  count,  of  the  viability' sf  a 
strain  of  the  tuberculosis  bacillus  A/.  We  express  the  dry  weight  of 
the  microbes  as  a  percentage  of  the  volume  of  the  medium  at  the  outset 
(density:  1.014  at  20°  C).  When  the  3.C.G.  vaccine  has  been  raaiaeed, 
its  viability  is  then  tested  by  transplanting  it  from  a  dilution/ 
varying  from  1/105  to  1/10^  to  a  solid  Dubos  medium  and  counting  the 
colonies  after  21  days. 
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At  the  Institute  of  Microbiology  and  Hygiene  the  strain  SWG  121 
of  Cl.  rerfrir.gens ,  type  A,  is  kept  alive  in  a  brain  medium;  it  is 
reactivated  by  passage  through  V?  medium^-  and  groom  for  the  purpose  of 
radiation  in  7.3.2.  broth  medium.  2  The  optical  density  after  incuba¬ 
tion  is  measured  by  a  Klett-Summerson  photo-chromcmeter  at  3k0  m. 


be  have  utilized  strains  Al/AA/l/57,  A2/Australia/57,  3/ CL  172 j 
and  3/Taivan/ 6  3  of  the  influenza  virus.  The  virus- i3  inccculated  in 
11— day  old  enbr/'onic  hens  eggs;  infected  the  allantoic  liquid  is 
collected  after  k-3  hours  of  incubation  at  35°  C,  placed  in  1C  ml.  sealed 
iaro  and  kept  at  -70°  C  until  the  moment  of  radiation;  depending  on  the 


case,  the  bottles  are  then  brought  back  to  room  temperature  or 
to  carbonic  acid  snow.  £y  titration,  the  decimal  dilutions  of 
viral  suspension  are  inocculated  into  the  11-day  old  embryonic 
(10  eggs  per  dilution);  the  eggs  are  incubated  as  previously,  ■ 
to  C  overnight,  to  halt  viral  multiplication.  The  infectiv: 
measured  by  the  Karber  method  and  the  haemag&iut inant  activity 
modified  oatt err.  test. 


transfercd 

the 


Conditions  of  radiation. 

The  radiations  vere  carried  out  from  February  19co  to  March.  IjoT 
by  mc-ar.s  of  a  Gammacell  220  of  the  Atomic  Energy  of  Canada,  Ltd. ,  charged  . 
in  February  15oo ■ vith  4 ,700  Ci  of  60  Co.  Dosage  vas  measured  at  that 
time  by  the  ferrous  sulphate  method,  vith  an  accuracy  of  2.12%. 


With  one  exception,  all  the  microorganisms  vere  radiated  -under 
the  conditions  normally  used  at  the  Institute  of  Microbiology  and  Hygiene 
fsr  the  culture  "in  vitro".  In  the  case  of  M.  tuberculosis ,  for  vhieh 
there  vas  radiation  or.  the  lyophilized  3.C.G.  vaccine  (120  mg  of  vet 
bacilli  from  a  7-day  culture  and  10%  additions  of  lactose  vere  kept 
alive  in  each  sealed  Fyrex  bottle),  and  on  cold  vaccine  (120  mg — vet 
veirht — of  lu-day  bacilli  in  2  ml  of  dilute  Sauton  medium  vere  placed  in 
eacr.  10  cc  sealed  bottle).  In  mo3t  cases,  hcvever,  the  tuberculosis- 
microbe  vas  radiated  floating  on  the  surface  cf  the  culture  medium, 
distributed  at  the  rate  of  60  ml  per  culture  dish,  in  flat-bottomed 

Cl.  terfrir.gens  vas  radiated  in  suspension  ir.  10  ml 


-2>  cc  ?yrex  dishes.  _ 

if  1.3.3.  broth  in  Hall  tubes. 


The  influenza  virus. 


vas  radiated  in  sealed  10  cc  bottles  containing  10  ml  of 
_i~uid.  The  temperature  in  the  Gammacell  radiation  chamber  vas,  at 
the  most,  1°  higher  than- the  temperature  of  the  room;  except  vhen  car¬ 
bonic  acid  sr.ov  vas  used,  all  the  radiations  vere  done  at  temperature; 
of  21  to  25°  C. 


1.  Hydrolyzed  pensic-hydrochloride  of  beef  muscle  and  liver 

2.  Hydrolyzed  trypsic  casein  from  the  Baltimore  3iologicai  Laboratories , 
-*.c.  ,  Baltimore ,  Md« ,  U.S.A. 
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After  the  moment  of  exposure  and  placement  of  samples  in  the 
radiation  chamber,  the  exposure  time-table  varied  from  450  to  325  kB 
(about  1,500  to  5,400  B/ainute).  The  schedule  has  been 
each  series  of  radiations,  and  the  eri*or  should  not  have  exceeded  2.  7'*  • 

On  the  contrary,  ve  consider  it  illusory  to  try  to  calculate  the  dosage 
absorbed  by  such  small  targets  in  such  a  heterogeneous  environment .  All 
the  dosages  hereinafter  cited,  therefore,  are  exposure  dosages;  ve 
hope  soon  to  be  in  a  position  to  make  direct  measurements  by  means  of 
Li?  microdosimeters,  which  would  permit  us  to  express  the  dosage  absorbed 
in  rads. 


RESULTS 

?.adiosensitivity  of  the  tuberculosis  bacillus 

Figure  1  summarizes  the  results  of  the  radiation  of  the  cola  o 
lycphiiized  3.C.G.  vaccine  (each  point  is  the  average  of  the  readings 
made  on  4  Petri  dishes).  These1  results  are  compatible  with  an  exp one 
reduction  of  the  viability  for  radiation  growth  doses,  and  it  can  be 
estimated  that  the  DL90  ("D  value”)  is  on  the  order  of  46  +  6  kB  for 
cold  vaccine  and  about  128  kB  for  the  lyophilized  vaccine.  The  di 
is  considerable  and  it  should  also  be  noted  that  the  lyophilized  vacc 
received  5,300  B  administered  exactly  like  the  control.  If  the  r.cn- 
radiated  cold  vaccine  is  transplanted  to  Petri  dishes  containing  rods 
Dubos  medium,  the  number  of  colonies  is  the  sane  as  in  the  controls  a. 
an  exposure  of  24  kB  (511  to  512  colonies  per  dish,  on  the  average,  m 
a  dilution  of  1:10^);  there  is  a  decrease  in  the  number  of  colonies, 
not  significant  (471  to  507)  for  doses  of  from  49  to  390  kB  but  very 
significant  (90  colonies  per  dish)  for  a  medium  which  received  5s5  kB 
Since  the  decrease  in  viability  of  the  microbe  is  manifested  after  mu 
weaker  direct  exposures,  the  change  in  the  medium  cannot  then  be  reap: 
sible  for  the  effects  observed  for  dosages  of  less  than  about  4CC  kB. 


Z.ZQC. 

V* 


At  the  time  of  the  tests  with  radiated  B.C.G. 


medium,  we  varied  the 


"age”  o 


f  the  cultures  at  the  moner.1 


.is  nerrna-  cu_tur 
;  of  radiation 


and  the  length  of  incubation  afterward,  normally,  in  the  controls,  tra 
planting  onto  our  medium  is  followed  by  a  period  of  latency  of  2  or  3 
days,  then  by  a  period  of  rigorous  exponential  growth  to  the  tenth  or 
eleventh  day,  with  a  generation  time  ("doubling  time")  of  24  hours .  Sr. 
the  12th  day  the  development  of  the  culture  slows  rather  suddenly ;  tier 
is  then  a  plateau  from  the  14th  to  the  28th  day,  with  a  constant  buster 
maos  but  an  increasing  proportion  of  dead  microbes.  One  month  after  tr 
plantation,  the  bacterial  haze  begins  to  "sink"  in  the  medium  and  the 
microbes  soon  lose  all  vitality  73/. 
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3eg inning  with  cultures  two  weeks  old  at  the  moment  of  radiation , 
we  subjected  ten  cultures  which  case  fros  the  sase  number  of  passages  of 
the  Montreal  strain,  to  exposures  ranging  fros  2,500  to  110,010  ?..  Inch 
series  had  taree  dishes  per  dose,  thus  each  of  the  points  in  figure  2 
is  the  average  of  30  determinations.  One  notes,  in  this  figure,  that 
after  9  days  of  culture,  that  is,  when  the  sicrobes  are  in  exponential 
there  is  a  firs .-class  relationship  between  the  percentage  of 
inhibition  of  deveiopsent  of  the  3.C.G.  and  the  exposure  dosage.  Afv.r 
lh  days  of  culture,  that  relationship  is  still  seen  and  in  addition,  one 
two  curves  are  parallel,  allowing  a  calculation  of  a  DL90  of  29  +  1  hr..' 
However  here  too  one  observes,  after  lh  da;- s ,  a  bend  from  the  beginning 
of  the  curve. 

Figure  3  shows,  for  one  particular  culture,  a  drop  in  yield 
similar  to  that  of  the  preceding  test  after  7  and  12  days  of  culture: 
on  the  other  hand,  if  one  allows  the  culture  to  develop  to  the  20th  day, 
one  obtains,  for  doses  of  radiation  of  about  30  kR,  a  growth  at  least 
as  good  as  for  the  controls,  after  which  the  drop  in  yield  is  abrupt. 

This  phenomenon  is  even  more  marked  after  28  days  of  incubation,  when 
an  undeniable  increase  in  yield  is  observed  up  to  ^2  kR. 

Since  it  seemed  that  ”radiostimulation”  of  the  cultures  was  most 
visible  when  one  started  with  old  cultures  and  allowed  them  to  grow  the 
longest  possible  amount  of  time  after  radiation,  in  later  tests  vo  us-u 
cultures  which  were  from  lU  to  28  days  "old"  which  we  then  incubus'.d  for 
23  days,  in  order  to  be  able  to  measure  the  maximum  potential  of  tin- 
strain.  Under  these  conditions  there  can  be  seen  to-  be  (Figure  2}  a 
very  constant  increase  in  weight,  reaching  3  per  cent  after  cne  dose 
of  30  to  35  kR  (average  of  8  cultures);  after  this  maximum  there  is  or. 
abrupt  drop.  With  weak  doses  the  increase  in  lU  to  2S  day-old  radiated 
cultures  is  practically  the  same;  however,  with  doses  higher  than  op  I:?., 
the  ’’old  cultures”  resist  appreciably  higher  doses  than  the  "young"  ones. 
The  blocking  of  bacillar  growth  is  complete,  under  the  experimental  con¬ 
ditions  used,  after  about  110  kR  for  inocula  of  lh  days,  and  about  135 
kR  for  those  of  28  days.  Given  the  shape  of  the  curve  showing  the 
response  of  these  bacilli  to  radiation,  it  is  not  possible  to  attribute 
a  single  value  to  the  DL90. 

Figure  5  represents  the  results  obtained  with  h  different  cultures 
when  the  microbes  are  introduced  into  a  medium  that  has  Juso  been  radiated 
and  then  cultivated  for  23  days.  Radiation  of  the  medium  does  not  have 
ar.y  effect  for  doses  up  to  3C0  kR  and,  in  two  cases  out  of  four,  up  oo 
U5GkR.  For  the  higher  doses  one  observes  a  very  rapid  rate  of  yie.a 
which  does  not  exist  if  the  medium  has  received  mere  than  720  kR.  V.’o 
have  also  reported  in  this  figure  the  results  obtained  by  radiation  of 
the  microbe  in  the  pre-test  stage.  A  comparison  of  the  curves  shows 
shat,  as  in  the  case  of  the  vaccine  which  is  radiated  and  then  placed 
on  a  solid  medium,  the  phenomena  observed  for  doses  less  than  300  k?. 
can  only  be  due  to  &  direct  effect  on  the  microbe.  . 


BEST  AVAILABLE  COPY 


fo  X 


M  M  U 


Ifl  tf  n  IS  10  mo  110  lie  IDO  140 


Exposure  Dose  in  JcR 
FIGURE  3 

'field  of  a  typical  J3.C.G.  culture  (culture  E)  in  terms  of  U, 
posure  dose  by  the  incubation  time  after  irradiation  of  V 
and  28  days. 
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Radiosensitivity  of  Cl.  serfringens 

Figure  6  represents  the  variation  of  optic  density  of  the  cul¬ 
tures  in  terns  of  the  exposure,  so  that  the  inoculum  is  0.1  nl  or  1  nl 
of  bacillar  suspension  for  10  cc  of  T.S.B.  medium  for  the  incubation 
peraod  of  1—  3  days.  The  exposure  doses  used  range  from  5*5CG  B  to 
2,250,000  H.  For  each  point  on  the  curve  the  incubations  have  been 
repeated  3  to  10  tines;  each  dose  must  be  read  on  two  columns . 

After  2k  hours  of  incubation,  the  inactivation  curve  for  a  weak 
inoculum  is  signoidai.  A  total  inhibition , of  the  bacterial  growth  is 
obtained  for  doses  which  are  equal  to  or  greater  than  600  kB  and  one  can 
calculate  that  for  very  strong  doses  the  angle  of  the  inactivation  curve 
corresponds  to  a  DL90  of  about  130  kB.  However,  if  one  waits  3  days 
before  measuring  the  optical  density,  one  realizes  that  the  figures 
have  scarcely  any  significance  because,  in  this  case,  at  about.  UjQ  kB 
the  inactivation  curve  levels  off  and  after  1,300  kB  there  is  another 
significant  spurt  of  bacterial  growth. 

If  the  inoculum  is  10  times  greater,  it  is  surprising  to  none 
that  in  the  non-radiated  controls  the  optical  density,  after  1  no  3  days, 
is  not  as  high  as  in  the  first  case.  After  2k  hours  of  incubation, 
the  inacnivation  curve  levels  off  after  UC0  kB,  and  the  inhibition  of 
microbial  growth  is  only  complete  for  doses  equal  to  or  greater  than 
1,500  kB.  For  all  the  reservations  which  we  have  expressed  as  to  the 
value  of  these  figures,  one  can  estimate  that,  for  the  second  part  of 
n he  curve,  the  DL90  is  in  the  neighborhood  of  1,150  to  1,200  kB.  Finally, 
after  72  hours  the  curve  contains  three  segments  with  ever  decreasing 
angles:  between  1,300  and  2,300  kB.  The  bacterial  growth  is  very  weak 
but  the  amount  does  not  diminish  too  significantly  with  increased 
exposure. 

Badiosensitivity  of  the  influenza'  virus 

It  is  remarkable  to  note  that,  in  all  our  tests,  haemagglut i r.ar.t 
power  cf  viral  suspensions  has  never  been  influenced  by  the  strongest 
loses  of  radiation  which  we  have  used  (up  to  4  MR) (Figs.  7,  8  and  9). 

This  observation  is  in  contradiction  to  chose  of  the  other  authors  ! ~ / 
bat  the  difference  no  doubt  stems  from  technical  reasons.  On  the  con¬ 
trary,  the  ir.fectivity  of  the  virus  lessens  in  a  way  which  at  first 
sight  seems  to  be  exponential  as  a  result  of  exposure  to  gamma  rays; 
strains  3  are  a  bit  more  sensitive  than  strains  A:  one  can  calculate 
the  following  DL90's: 
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strain  B/GL  1,739:  75  kR;  strain  Al/AA/1/57:  9^  kR 

strain  B/Taiwan/o3  £2  kR;  strain  A2/Australia/57:  135  kR 

However ,  it  is  evident,  according  to  figure  7,  that  for  v«!6  group  A1 
stiair.  which,  ve  have  used,  the  shape  of  the  curve  changes  for  the 
strongest  doses,  supposing  there  are  two  viral  populations  with 
different  radiosensitivity,  and  supposing,  as  ve  have  suggested  in  a 
recent  publication  /6/,  that  there  is  reactivation  of  viral  particles 
(multiplicity  reactivation).  -  This  phenomenon  is  even  more  pror.c-~.cod 
for  the  group  A2  strain,  if  the  virus  is  radiated  at  the  sublimation 
temperature  of  carbonic  acid  snow  (-78.5°  C)  (Figure  8)  and  it  appears 
then  in  group  B  (Figure  9):  the  inactivation  curve  of  strain  3/Taiwan/ 
c3,  perfectly  exponential  at  +  20°  C,  becomes  sigmoid  at  -78.5°  C. 
Throughout  this  case  it  did  not  seem  to  us  to  be  possible  to  determine 
a  DL90  that  might  be  significant.  The  influenza  virus  cultures  are 
often  contaminated  by  Pseudomonas.  Ve  have  radiated  very  highly  con¬ 
taminated  allantoic  liquid:  Figure  10  shows  the  radiosensitivity  of 
these  microorganisms,  compared  to  those  of  strain  A1  of  the  virus, 
radiated  at  the  same  time  and  under  the  same  conditions.  While  it  took 
2  MR  to  inactivate  the  virus ,  Pseudomonas  has  a  DL90  of  about  9  kR 
and  smaller  exposures  of  100  kR  suffice  to  completely  clear  the  medium. 

DISCUSSIONS  AND  CONCLUSIONS 

Comparison  of  the  radiosensitivity  of  several  pathogenic  viruses 
ar.d  bacteria  requires  the  revision  of  certain  classical  notions  which 
one  would  have  a  tendency  to  consider  valid  for  microorganisms  in 
general,  whereas  they  only  apply  to  particular  microbes,  such  as 
Escherichia  coli.  ... 


The  stimulant  effect  of  weak  doses  of  radiation  is  still  very 
controversial.  James  tit  has  shown  evidence  of  a  stimulation  of  mitosi 
in  yeast  cells  by  weak  doses  of  radiation:  this  stimulation  is  not 
due  to  a  mutation  and  is  maintained  for  many  generations.  From  all 
evidence,  the  radio stimulation  that  we  have  observed  in  the  3.C.G. 
up  to  exposures  of  bo  kR  is  related  to  another  phenomenon:  we  think 
that  it  can  be  explained  by  selection,  frow  a  heterogeneous  microbe 
population,  of  highly  prolific  resistant  lines.  It  is  also  probable  ■ 
that  the  individuals  destroyed  by  radiation  furnish  Z*SS X St&Tit  ^  1  r. O el 

with  components  which  they  can  directly  utilize  for  their  synthesis. 
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Inactivation  of  strain  B/Taivay/63,  at  +  20°  C  and 
-78.5°C,  in  terms  of  the  exposure  dose. 


■,a  r ■  k— « 


.7- 


The  shape  of  the  inactivation  curves  of  Cl.  nerfringens  seems 
to  demonstrate  that  although  no  spores  are  visible  under  the  microscope, 
there  are  extremely  radioresistant  spores  within  the  cultures.  After 
strong  doses  of  exposure  undeniable,  though  very  limited,  bacterial 
multiplication  remains.  One  could  suppose  that,  in  this  case,  radio¬ 
chemical  changes  in  the  medium  inhibit  or  retard  the  germination  or  • 
growth  of  these  radioresistant  spores. 

In  the  case  of  influenza  virus ,  the  peculiar  shape  of  the  inac¬ 
tivation  curve  of  the  virus  of  group  A  or  that  of  the  tvo  groups  at  low 
temperature,  might  be  explained  in  many  ways:  whatever  caused  the  varia¬ 
tion  ir.  the  angle  of  the  radiosensitivity  curve,  nothing  remains  to 
inactivate  the  last  viral  particles  but  an  even  stronger  dose  of  radia¬ 
tion,  the  effects  of  the  first  exposures  of  which  cannot  be  foreseen. 

A  comparitive  study  of  our  results  also  obliges  one  to  discard 
the  notion  that  the  sensitivity  of  an  organism  is  proportionate  to  its 
size  and  inversely  proportionate  to  its  structural  complexity:  Cl. 
terfrinsens  —  even  disregarding  the  spores — and  under  certain  conditions, 

M.  tuberculosis ,  are  more  resistant  than  certain  strains  of  influenza 
virus.  Cor  do  our  results  corroborate  the  idea  that  the  radiosensitivity 
of  a  nircoorganism  can  be  represented  by  an  exponential  or  a  simple 
sigmoid,  corresponding  to  one  target  at  a  single  blow  or  at  a  small 
number  of  blows  / 3/ .  Zimmer  /9/  working  on  an  apparently  very  simple 
system,  an  RIIA  solution  "in  vitro",  has  recently  shown  that  an  exponential 
curve  can  be  the  result  of  the  summation  of  two  mere  complex  curves.. 
fie  have  seen  above  that,  with  Cl.  oerfrir.ger.s ,  by  the  single  fact  that 
the  initial  bacillar  concentration  varies  by  a  factor  of  10  it  completely 
modifies  the  radiosensitivity  of  that  biologi call  system,  which  is  even, 
more  complex  than  it  appeared  to  be  at  first  glance.  To  try  to  formulate 
radiosensitivity  mathematically  requires  too  many  approximations  and 
simplifications.  The  DL90  ( D  value)  notably  is  only  significant  under 
very  precise  conditions  and  its  calculation  most  frequently  requires 
that  one  disregard  the  effects  of  the  weakest  and  the  strongest  doses: 
a  comparison  of  the  radiosensitivity  of  various  organisms  based  on  such 
figures  thus  has  but  little  value  /!/ . 

Two  important  practical  conclusions  seen  to  us  to  arise  from  this 

work: 

—The  utilization  of  one  single  dose  (for  example:  2.5  M  rads, 

British  Pharmacopoeia,  19o3)  for  radiosterilization  leads  to  e:.  exposure 
which  is  unnecessarily  high  in  3oae  cases  and  insufficient  in  others. 

It  is  also  necessary  to  know  which  organisms  have  been  destroyed  and 
what  is  their  initial  concentration.  If  one  begins  with  a  "haeteriologically 
appropriate"  material,  it  is  probable  that  in  most  cases  exposure  to 
several  hundred  kR  will  be  sufficient  to  give  a  "coefficient  of.  reduction 
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cf  viability1*  of  the  contaminants,  equivalent,  in  practice,  to  steril¬ 
isation.  On  the  other  hand  there  are  organisms,  particularly  anaerobic 
bacterial  spores,  vhich  resist  doses  that  are  stronger  than  those 
currently  recommended:  in  theory,  one  should  almost  never  speak  of 
"radiosterilization".  One  can  also  combine  a  relatively  veak  dose  of 
radiation  vita  mild  thermal  sterilization,  or  simple  pasteurization. 

The  radiation  and  heating  conditions  must  be  very  exactly  specified 
in  each  case:  Xempe,  for  example,  shoved  that  to  reduce  the  number  of 
spores  of  Cl.  botulinum  the  order  in  vhich  the  tvo  operations  are 
carried  out  is  important  /10,11/.  This  combined  "radio-thermal 11  steril¬ 
ization  may,  perhaps,  be  the  preferred  method  in  a  few  years. 

— "Selective  radioactivation"  is  sometimes  possible:  the  .'lability 
of  a  microorganism  used,  for  example,  to  produce  a  vaccine  may  not  be 
seriously  affected  by  an  exposure  vhich  completely  destroys  a  potential 
contaminant.  Figure  10  shov3  that  exposure  of  anti-influenza  vaccine 
to  100  kR  or  less  makes  it  possible  to  halt  all  contamination  by 
Pseudomonas  without  significantly  affecting  the. viability  of  the  virus. 
In  anotner  connection,  the  strains  of  the  influenza  vaccine  that  ve 
used  are  completely  inactivated  at  the  temperature  of  the  laboratory 
by  exposures  having  from  0.8  to  2  KB,  depending  upon  the  strain,  while 
their  hemagglutinant . power  is  unchanged.  One  might  expect,  when  giving 
a  dose  of  something  like  2.5  MR,  to  prepare  an  inactive  anti- influenza 
vaccine,  the  antigenic  structure  of  vhich  might  perhaps  be  core  normal 
than  that  of  the  inactive  vaccine  prepared  by  other  methods  and  the 
"vaccinating”  power  of  vhich  would  thus  be  greater.  We  think  that  this 
research  direction  opens  a  promising  avenue  for  radiation  of  biological 
products . 
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